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Chapter 1

The Human Framework

KEY IDEAS

e Water has played a critical role in the
settlement of Florida since the first
humans arrived around 14,000 years
ago.

* Water resources exist within legal,
social, economic and political contexts.

e Early in Florida’s development as a state,
the main themes of water management
were drainage, flood control and
navigation.

» Today, Floridians are actively seeking
ways to preserve, protect and restore
water resources.

* Modern water management in Florida is
governed by the Water Resources Act of
1972, one of the most innovative laws of
its kind in the nation.

VOCABULARY

Drainage

Ecosystem restoration
Flood control

Hammocks

Land acquisition
Limestone

Minimum flows and levels
Navigation

Prior appropriation
Reasonable and beneficial use
Riparian

Savanna

Water allocation

Water supply

We see things not as they are, but as we are.

— Henry Major Tomlinson, Out of Soundings, 1931

In Florida for at least 14,000 years,
human settlement has been shaped by
water. Although its official nickname is
“The Sunshine State,” Florida could very
well be called “The Water State.” Florida is
surrounded on three sides by water. Its
landmass is underlain by water-filled
limestone: highly porous rock formed over
millennia from shells and bones of sea
animals. The Florida Keys, a gentle arc of
islands extending 93 kilometers (150 miles)
south of the peninsula to Key West, are
coral rock covered in most places with a
thin layer of sand. Florida’s abundance of
sinkholes, springs, rivers and lakes is partly
the result of the rising and falling of sea
level. The sea is also largely responsible for
the state’s many bays, inlets and islands.
On average, more rain falls in Florida (135
centimeters or 53 inches) per year than in
any other state in the nation besides
Louisiana, which receives an average of
140 centimeters (55 inches) (Henry et al.
1994). In Florida, rain does not always fall
when and where it is needed, and
sometimes too much rain falls too quickly.

Water management in Florida today
has evolved from lessons learned through
experience, as well as from changing
philosophies about natural resources and
the environment. Early in the state’s
history, Floridians were most concerned
about drainage, flood control and
navigation. Natural resources were to be
used, controlled and modified. Wetlands
were drained for farms, groves and houses.
Canals were cut to facilitate drainage and
to improve navigation. Floodwaters were
held back with engineering works. Wastes
were discharged without treatment into
rivers, lakes and coastal waters. Florida
was thought to have too much




water. Now, the value and the finite nature
of Florida’s water resources are clear. Water
managers today are concerned with water
quality protection, water supply planning
and water resources development, and

preservation and protection of the natural
environment. Conserving, protecting and
restoring natural systems, while ensuring

an adequate supply of water, remains one
of Florida’s greatest challenges.

The First Floridians

About 14,000 years ago, people first
entered the Florida peninsula. Known as
“Paleoindians,” these original Floridians
survived by hunting mastodons, camels,
mammoths, bison and horses. At the time,
much of the world’s water was frozen in
glaciers, sea level was much lower than it is
today, and Florida was a dry, large, grassy
prairie. Many present-day rivers, springs
and lakes had yet to be formed; even
groundwater levels were far lower than
they are today. Sources of fresh water were
limited, and finding them was critical to
the survival of the Paleoindians and the
animals they hunted for food. The
Paleoindians lived and hunted near springs
and lakes. Many of these sites are now
under water. Archeologists have found
bone and stone weapons and tools in
many springs and rivers, and even offshore
in the Gulf of Mexico.

About 9000 B.C., glaciers melted, sea
level rose and Florida’s climate became
wetter. As forests replaced grasslands, big
game animals disappeared. A larger
number of rivers and lakes afforded many
more suitable places for people to live. By
3000 B.C., when Florida’s climate became
similar to today’s climate, people occupied
almost every part of the present state.
Numerous settlements developed in
coastal regions in southwest, northwest
and northeast Florida, as well as along the
St. Johns River (Milanich 1995). People
took full advantage of the plentiful supply
of fish and shellfish. Along the coasts and
the banks of rivers and bays, huge mounds
of shells from millions of prehistoric meals
began to accumulate.

When Spanish explorers arrived in

Florida in the 1500s, an estimated

350,000 Native Americans were living
throughout the present-day state

(Milanich 1995). The Apalachee and
Timucuan in the north were farmers and
grew corn, beans and squash. Their large
villages were often located near the region’s
many lakes and rivers. Although they grew
food, the Apalachee and Timucuan still
obtained part of their diet from hunting,
fishing and gathering of wild plants. The
Native Americans living in the southern
part of the peninsula continued to live
exclusively off the natural bounty of the
land and the sea.

The Belle Glade people lived on the
vast savanna around Lake Okeechobee.
They built villages on mounds and earthen
embankments, and connected them by
canoe highways.

Along the southwest coast, a
remarkable people called the Calusa lived
by fishing, gathering shellfish, collecting
plants and hunting. The Seminole Indians
later immortalized the Calusa by naming
the major river in the region the
Caloosahatchee, “river of the Calusa.” A
single chief ruled the Calusa’s vast domain.
They lived in large villages and developed
elaborate political, social and trade
networks, as well as highly sophisticated
art. They traveled into the gulf in canoes
lashed together to form catamarans. This
level of cultural development is usually
only obtained with agriculture. Only by
growing crops do people usually have
enough food to support villages and to
allow some individuals to specialize in
pursuits other than obtaining food.
However, the Calusa’s natural environment
was so rich that they were able to grow and
thrive without crops.

By the early 1700s, virtually all the
members of Florida’s original Native
American groups were gone, many having
succumbed to European diseases for



which they had no resistance. Remnants of around the lakes and rivers in northern

other southeastern Indian groups, later Florida. The only permanent settlements
known as the Seminoles, began to move of any consequence were St. Augustine,
into the now abandoned fertile farmlands Pensacola and Key West.

Paleoindian Period
e 12,000 Years Ago
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Seminole Indian Village, Royhl Palm Hammock, 1920s

Source: Florida State Arqhives

THE SEMINOLES
ADAPTATION TO A WATERY WILDERNESS

The Seminole Indians — with their dugout
canoes, chickees, and loose, colorful patchwork
clothing — have long been associated with
south Florida. But the Seminoles did not
originate in south Florida or any place else in
the state. Their ancestors were members of
populous tribes and chiefdoms from other parts
of the southeastern United States. These groups
— the Oconee, Yuchi, Alabama, Yamasee,
Hitchiti, Koasati and dozens of others — were
called “Creeks” by English settlers.

The Creeks were farmers and hunters. Corn
was their principal crop, and each year the
Creeks celebrated its ripening with the Green
Corn Dance. Some Creeks lived in towns of
5,000 to 15,000 people. These fowns were built
around a plaza, which included a square
ground (a square flat cleared area). In the
center of the square ground was the
ceremonial fire with four logs pointing in

cardinal directions. At one end was a circular
council house where men discussed political
affairs. Family compounds consisted of a
cooking house, a winter house and a storage
house. Other Creeks lived outside of fowns
along the banks of rivers and streams in
family camps (Weisman 1999).

Creeks in towns and in the countryside
were linked together by clans. All Creeks
belonged to clans, family groups named after
animals or nafural events. Some Creek clans
were the Bear, Deer, Wildcat, Tiger (Panther),
Wolf, Alligator, Wind and Turkey. Both male
and female children belonged fo the clan of
their mother and remained a part of this clan
for their entire lives. Clans lived together in
camps or in the same part of town. When you
visited a new town or a new part of Creek
country, other members of your clan
welcomed you.




By the 18th century, Creek clothing was a
blend of European and traditional Indian
styles. The men wore cloth turbans, bels,
beads, and leggings and jackets of deerskin.
Women wore long dresses of manufactured
cloth.

The Creeks traveled long distances on the
Southeast’s numerous rivers and streams in
dugout canoes. They were skilled hunters,
and the men spent much of their time hunting
deer and other animals. Creeks traded the
pelts of the animals they hunted for European
traders’ guns and other manufactured items.

By the early 1700s, small bands of Creeks
began migrating into northern Florida, at first
to hunt and later to farm lands once occupied
by the Timucuan and Apalachee Indians.
These groups were now gone, their members
having died in conflicts with Europeans or
from European diseases for which they had
no resistance.

The name “Seminole” was first recorded in
field notes accompanying a 1765 map of
Florida. Most scholars believe it was derived
from the Spanish “cimarrone,” meaning “wild”
or “runaway.” By 1800, many of the Seminoles
were prospering, raising cattle and growing
crops. Some lived in two-story houses and
owned slaves. These newcomers to Florida
had built towns from the Apalachicola River to
the St. Johns River and from south Georgia to
the Caloosahatchee River.

As the American colonists settled more
and more of the South, more Indians fled to
Florida. Soon, however, Florida lands also
became desirable to the colonists. The Treaty
of Payne’s Landing, signed in 1832, required
the Indians to give up their Florida lands and
move to Indian Territory in the West. The
Seminoles refused and a 7-year war ensued,
fought between the Seminoles and the United
States in the swamps and hammocks of
central Florida. At the end of the war, several
hundred Seminoles were forcibly shipped to
Indian Territory, while others escaped into the
watery wilderness of Big Cypress Swamp and
the Everglades.

It was on the hammocks, small tree

islands in the midst of marsh and
swampland, that the Seminoles made their
home. Never a maritime or aquatic culture,
like the Calusa Indians who had lived before
them in southern Florida, the Seminoles
adapted their traditional ways of making a
living — farming, raising livestock and
hunting — to their new wetter and warmer
home.

They seftled in clan camps rather than in
towns. Although no longer united around
towns, clan camps came together each year
for the traditional Green Corn Dance. They
cleared trees from the center of the
hammocks and grew corn, squash, melons
and peas on the rich soil. They ran their cattle
on lands that were dry enough. Their reliance
on wild plants and animals increased. They
ate the new shoots of cabbage palm and
prepared flour (known as coontie) from the
root of the tropical tuber zamia. They
continued to hunt deer and hunted the then-
abundant manatee, which they called “giant
beaver.”

They abandoned their traditional four-
walled board cabin for chickees, distinctive
open-air structures built of cypress poles with
palmetto-thatched roofs. The local
environment provided all the materials they
needed for construction. They traveled
between settlements in dugout canoes, and
they exchanged their deerskin garments for
fewer, more loosely fitting cotton clothes.

After the Civil War, the Seminoles, like their
Creek ancestors, began to hunt commercially.
They provided traders with skins of ofters,
deer, raccoons and alligators, as well as with
feathers from the thousands of tropical birds
found in the Everglades (Kersey 1975). Women
in cities in America and Europe fueled the
market for plumes with their insatiable desire
for exotic feathers used to decorate their hats.

By early in the twentieth century, the
Seminoles’ world changed again. Plume
hunting was outlawed in an effort to save the
remaining birds. lllegal trade continued and
ended only when women'’s fashions changed
(Weisman 1999). The physical environment




was also rapidly changing. Roads were being
built, land was being drained for agriculture,
and new communities were springing up
overnight. In order to survive, the Seminoles
had to adapt. This time they adapted by
responding to the growing tourist market
(West 1998). They entertained tourists with
alligator wrestling and later with airboat rides.
Women used hand-cranked sewing
machines to more quickly sew the colorful
cotton patchwork for which the Seminoles are
famous. Seminole dolls and patchwork
clothing became popular tourist items.

By the 1960s the Seminoles had separated
info two political groups: the Seminole Tribe of
Florida and the Miccosukee Tribe. A group of
about 100 individuals continued fo live in the
Everglades and chose not to enroll in either
tribe.

Today, tourism is still an important
aspect of the Seminole culture and
economy. Both the Seminole Tribe and the
Miccosukee Tribe operate high-stakes bingo
palaces. On its Big Cypress reservation, the
Seminole Tribe atfracts tourists with its
Ah-Tha-Thi-Ki (“to learn”) Museum, Big
Cypress Hunting Adventures, and Billie
Swamp Safari. The Seminoles also run multi-
million dollar cattle and citrus operations
and maintain a fleet of aircraft. But they still
pass their legends on from generation to
generation and they still belong to clans
(Bear, Panther, Wind, Otter, Snake, Bird, Deer
and Big Town). They continue to gather each
spring in a secret location far from the hustle
and bustle of the modern world to reaffirm
their identity and survival through the Green
Corn Dance.

Drainage, Flood Control and Navigation

When Florida became a state in 1845,
most of its 70,000 inhabitants lived in the
north. The state had few assets other than
land, much of which was unsuitable for
development without drainage and flood
control. Water remained the main avenue
of travel, and Floridians clamored for
canals and river improvements. As early
as 1824, the legislative council of the
territory had proposed a ship canal
across north Florida to spare ships the
long and dangerous journey around the
peninsula.

At statehood, Congress granted the state
500,000 acres (202,400 hectares) of
federal land outright for “internal
improvements.” Five years later, the state
received an additional 20 million acres (8
million hectares) through an act that
transferred all “land unfit for cultivation
due to its swampy and overflowed
condition.” In 1881, the state sold 4
million acres (1.6 million hectares) at
25 cents per acre to Philadelphia
businessman Hamilton Disston.

The following year, Disston began to dig
canals in the upper Kissimmee River basin
and the Caloosahatchee-Lake
Okeechobee region. These waterways
were to drain the land in the interior of
the state and to provide corridors to
transport crops and commercial products.
As the 1800s drew to a close, Florida
remained largely dependent on water
transport. Phosphate had been discovered
in the Peace River valley, and boats
equipped with steam dredges were used
to mine the sand bars. Steamboats carried
passengers and freight to coastal ports
and to hundreds of riverside docks.
Florida’s leading product, lumber, was
transported by water to markets in Europe
and the northeastern United States.
Construction of railroads in the late 1800s
opened virgin forests to the growing
lumber and naval stores (turpentine and
rosin) industries. Before railroads, water
transportation limited lumbering to the
banks along major rivers and streams.
During times when rivers were low, logs




could not be transported to markets and
water-powered saw mills had to be shut
down.

Meanwhile, Florida’s mineral springs,
spas, rest homes and warm climate began
to attract northern visitors seeking relief
from rheumatism and from asthma and
other lung ailments. Steamboat tours along
the major rivers of north and central Florida
became very popular, especially with
hunters. In fact, by the late 1800s, game
animals along the middle St. Johns River
had become scarce.

As the twentieth century dawned, south
Florida was still largely in its natural state.

In 1904, Napoleon Bonaparte Broward was
elected governor by promising to drain the
Everglades. Established in 1913, the
Everglades District became the first of
several districts that carried out drainage
projects in south Florida.

Drainage projects around Lake
Okeechobee encouraged settlement and
development of agriculture, but the region
was still vulnerable to the catastrophic
effects of extremely strong hurricanes that
swept across south Florida in the 1920s.
During the 1926 hurricane, the dike along
the southern perimeter of the lake broke,
killing more than 400 people in the Moore
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Haven area. During the 1928 hurricane,
wind-blown water overflowed the lake,
drowning more than 2,000 people. As a
consequence, the Okeechobee Flood
Control District was established in 1929.
The U.S. Army Corps of Engineers began a
major program of flood control in Florida,
including construction of the 53-kilometer-
long (85-mile-long) Herbert Hoover Dike
flanking Lake Okeechobee.

In 1947, two more hurricanes and
floods hit south Florida. Again, the existing
network of canals and levees failed to
protect farms and newly populous coastal
communities. In response, Congress
passed the Flood Control Act of 1948,
calling for a huge multistage flood control
project designed and constructed by the
U.S. Army Corps of Engineers. The Central
and Southern Florida Flood Control
District was created by the Florida
Legislature in 1949 to operate and
maintain the massive project.

Streams and lakes were also modified
in other parts of Florida. In the late 1800s
and early 1900s, land was drained in the
Ocklawaha and Peace river basins for
farms, and canals were dug to create
navigation routes for shipping vegetables,
citrus, timber and other products. Coastal
navigation waterways were also under
construction, and the Intracoastal
Waterway from Jacksonville to Miami was
completed in 1912. The waterway provided
a safer means of travel along the often
hazardous east coast, and it linked river
channels and the Okeechobee Waterway to
Florida’s deep-water coastal ports.

Construction of major water control
works continued into the 1960s. In 1961,
Congress authorized the Four River Basins,
Florida Project for flood control in the
Tampa Bay area. Construction of the
Kissimmee Canal began in 1962. Work on
the Cross Florida Barge Canal, first begun
in 1935, resumed in the 1960s with the
installation of major locks and dams on the
Withlacoochee and Ocklawaha rivers.
Opposition to this canal grew steadily
during the late 1960s until President Nixon
halted construction in 1971. Controversy

about the Rodman Dam and Reservoir
portion of the Cross Florida Barge Canal
project persists to this day. Various
environmental groups have called for
removal of the dam and the restoration of
the Ocklawaha River. Portions of the
Kissimmee River, channelized barely 30
years ago, are now being restored.

1972
YEAR OF THE ENVIRONMENT

e Florida Water Resources Act creates
regional water management districts and
establishes a permit system for allocating
water use.

e Land Conservation Act authorizes the sale
of state bonds to purchase
environmentally endangered lands.

e Environmental Land and Water
Management Act creates Development of
Regional Impact and Area of Critical State
Concern programs.

e The Comprehensive Planning Act requires
development of a state comprehensive
plan.

e First public hearing on the restoration of
the Kissimmee River.

e Federal Clean Water Act setfs “swimmable
and fishable” as goal for all U.S. waters.

e Florida citizens approve a constitutional
amendment authorizing $240 million in
state bonds for the Department of Natural
Resources o purchase environmentally
endangered lands.




Modern Water Management

1970s
Attitudes toward water and the

environment began to change as the
consequences of uncontrolled growth and
damage to the natural environment became
more and more evident. During 1970-71,
Florida experienced its worst drought to
date, spurring state leaders to action. Four
major pieces of legislation were enacted by
the 1972 Legislature: the Environmental
Land and Water Management Act, the
Comprehensive Planning Act, the Land
Conservation Act, and the Water Resources
Act. These laws are based on the philosophy
that land use, growth policy and water
management cannot be separated, a theme

that continues to this day.

Florida’s institution of water
management is unique — regional
agencies, established by the Legislature and
recognized in the state constitution, based
on hydrologic boundaries and funded by a
tax usually reserved for local government.

The 1972 Water Resources Act
established five water management
districts with broad authority and
responsibilities. Responsibilities
encompass the four broad categories of
water supply (including conservation and
allocation), water quality, flood protection
and natural systems management.

Water Management Districts

Northwest Florida ®

Suwannee
X \'u River 'WMD o
{ -
@/
St. Johns River WMD
Arrows indicate the general
direction of water flow
° Main office Southwest ®
Florida WMD

Northwest Florida Water Management District
81 Water Management Drive
Havana, FL 32333-4712 1-850-539-5999

Suwannee River Water Management District
9225 County Road 49
Live Oak, FL 32060 1-800-226-1066

St. Johns River Water Management District
4049 Reid Street
Palatka, FL 32177 1-800-451-7106

Southwest Florida Water Management Disfct
2379 Broad Street
Brooksville, FL 34604-6899 1-800-423-1476

South Florida Water Management District
3301 Gun Club Road

West Palm Beach, FL 33406-4680 1-800-432-2045

Florida WMD
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WATER LAW

Study this map. What differences do you
notice between the eastern and western United
States?

Significantly less water is available in the
western United States than in the eastern United
States. This fact has resulted in two very different
systems of law governing the use of water.

Western Water Law

In the West, water is often scarce. Cities and
farms may be long distances from sources of
water. Western water law, also called the prior
appropriation docirine, is based upon the
premise that water is a property right derived
from a historic claim to water — “first in time,
first in right.” The first person or entity, such as
an agricultural business, a mining company or
a city, to withdraw the water from a stream or
an aquifer had rights to continue to do so. These
rights would be upheld in court. This system

originated during the Gold Rush. Mining
required diversion of water, and miners
wanted certainty that they would have
enough water to continue their operations.
Later the doctrine of prior appropriation was
modified to include the requirement that the
water must be used for beneficial purposes.

Water rights in the West are separate
from land rights. A water right is a very
valuable commodity that can be bought and
sold and passed from one generation to the
next.

Advantages: Certainty. Users know they will
continue to have water indefinitely.

Disadvantages: May lead to waste by
discouraging conservation since reduction in
water use may lead to reduction in water
rights. Relatively uneconomic or socially
unimportant water uses may be continued,




although some people think that free market
forces will fransfer water rights to the most
economical uses. Water needs of natural
systems may not be met because all of the
water in a stfream may have been appropriated
for human uses.

Eastern Water Law

Water is considerably more abundant in the
eastern United Stafes than it is in the western
United States. Eastern water law, also called the
riparian system, is based on the premise that
the riparian, the landowner along the shore,
had the right to use the water for boating,
fishing, swimming or viewing. Riparians also
have a right to take as much water as they
want to use on their land as long as they do not
interfere with the reasonable use of water by
other riparians. Landowners have a similar
right to withdraw ground water for use on
overlying land.

Advantages: Generally more protective of the
water resources than Western law.

Disadvantages: Restricted commercial and
other uses of water on nonriparian lands.
Ongoing riparians constantly had to adjust to
new riparians. Courts had to resolve disputes
on a case-by-case basis.

Florida Water Law

Florida water law, found in Chapter 373 of
the Florida Statutes (available on the Web at
www.leg.state.fl.us), is considered by many to
combine the best aspects of Western (prior
appropriation) and Eastern (riparian) law. In
Florida, water is a resource of the state. It is not
owned by anyone.

Consumptive use permits: Water is allocated by
a permit system administered by the five water
management districts. The allocation system is
designed to (1) prevent waste, (2) provide
certainty fo existing users, (3) provide equal
rights irrespective of economic power, (4)
protect natural resources and (5) provide for

future users by requiring water managers to
address comprehensive planning and
resource development. Permits fo use water
are issued by the water management districts
and may be issued for up to 50 years. The
quantity of water available for use under a
permit may be reduced during droughts.

To obtain a permit, the applicant must
establish three things: the use is reasonable
and beneficial, the use will not interfere with
any presently existing legal use of the water, and
the use is consistent with the public inferest. If
there is not enough water for all proposed uses,
the water management districts are to make
decisions based on which use best serves the
public interest. If all the competing applicants
equally serve the public interest, preference is
given fo the existing permit holder.

Unlike the Western system of prior
appropriation, Florida law discourages the
long-distance transfer of water across
hydrologic boundaries. A fransfer must not
diminish the availability of water for present
and future needs of the sending area, and the
receiving area must have exhausted all
reasonable local sources and options. In
addition, the transfer of water across county
boundaries is discouraged.

Minimum flows and levels: Florida water law
requires the water management districts fo
establish minimum flows for all rivers, streams
and canals. This means the districts must
identify an amount of water flow below which
further withdrawals would cause significant
harm to the water resource or to the ecology of
the area. The law also requires the water
management districts to establish minimum
levels for ground water and surface waters
(rivers, streams, canals, lakes and wetlands)
below which further withdrawals would cause
harm to the water resource. Surface waters
less than 25 acres (10 hectares) generally are
exempt from this requirement.

Determining minimum flows and levels
requires complex scientific and technical
analyses. The water management districts are




now making progress in establishing minimum
flows and levels, which will play a much greater
role in water resources planning and permitting
in the future.

Advantages: Consumptive use permits help
ensure that the use of water in Florida is
reasonable and beneficial. Some degree of
certainty is given by permits that give the right
to withdraw a certain amount of water for a

given fime period. The minimum flow provision
and the restrictions on the long-distance
transport of water help protect the water
resources and the environment.
Disadvantages: Terms such as “public interest,”
“reasonable and beneficial” and “significant
harm” are open fo interpretation and may
result in conflicts that have to be resolved
through the courts.

The districts are drawn on watershed
boundaries. These are natural drainage
basins, not political boundaries. Water
management districts are overseen at the
state level by the Department of
Environmental Protection. They are
governed by a board appointed by the
Governor and approved by the Senate.
They are funded to do the job of water
management by a tax granted to them by
the people of Florida in 1976. However, the
budgets of the districts are closely
monitored by the Governor’s Office and by
the Legislature.

1980s

In the late 1970s and early 1980s,
protection of Florida’s ground water, the
primary source of drinking water in the
state, became a major issue. The 1983 Task
Force on Water Issues reported that the
threat of contamination of ground water
and related surface waters from hazardous
wastes, sewage, industrial wastes and
pesticides had become a major problem.
The Legislature passed the Water Quality
Assurance Act, granting the Department of
Environmental Regulation more authority
to protect ground water and to clean up
contaminated resources.

In 1985, the Florida Legislature passed
the Surface Water Improvement and
Management Act (SWIM), the first
statewide program for protecting or
restoring waters of regional or statewide
significance. The initial legislation named
the first six water bodies to be restored and

protected under SWIM: Lake Apopka,
Tampa Bay, Lake Okeechobee, Biscayne
Bay, the Indian River Lagoon and lower St.
Johns River.

1990s

Throughout the 1990s, Florida
continued to protect environmentally
sensitive lands, critical water resources and
vital habitats through land acquisition
efforts. With programs such as
Preservation 2000 and Save Our Rivers,
Florida has carried out the largest land
acquisition effort in the nation. In the last
quarter of the twentieth century, Florida
purchased 2.1 million acres (850,000
hectares) of conservation and resource-
based recreation land. In combination with
land protected by local and federal
programs or under private conservation
management, these purchases protect and
preserve 7.6 million acres (3.1 million
hectares) of land (about 22 percent of the
land in Florida).

In the 1990s, major ecosystem
restoration projects and land acquisition
programs were undertaken throughout the
state. The Everglades Forever Act, passed by
the Legislature in 1994, outlines a
comprehensive program for restoring water
quality and improving the amount, timing
and distribution of water flows for the entire
south Florida ecosystem (Kissimmee River-
Lake Okeechobee-Everglades-Florida Bay).
In the St. Johns River Water Management
District, restoration projects began in
the Lower St. Johns River Basin,




WATER KNOWS NO POLITICAL BOONDARIES

The Apalachicola-Chattahoochee-Flint River
Basin (ACF) is located within three states —
Georgia, Alabama and Florida. The
headwaters are in Georgia above Lake Lanier
near Atlanta. The basin terminates in northwest
Florida where the Apalachicola River flows into
Apalachicola Bay on the Gulf of Mexico. In
1990, Florida joined with Alabama in a federal
lawsuit over the Army Corps of Engineers’ and
Georgia’s plan to reallocate water in Lake
Lanier for the Atlanta urban area’s water
supply. In 1997, after years of negotiations, the
three states entered into the ACF River Basin
Compact, ratified by the three state legislatures
and Congress. The Compact directed the three
states to develop a water allocation formula to

apportion the water in this river system.

The Suwannee River Basin begins in
Georgia in the Okefenokee Swamp and ends
in the Gulf of Mexico. Two of the Suwannee’s
maijor tributaries, the Withlacoochee (distinct
from the southern Withlacoochee) and the
Alapaha, also originate in Georgia. In the
1990s, the Suwannee River Water
Management District and the Florida
Department of Environmental Protection and
their counterpart agencies in Georgia formed
the Suwannee Basin Interagency Alliance.
This group is working to develop a basinwide
management planning and river protection
program that, for the first time, will address
the entire watershed.

Lake Apopka, the Indian River Lagoon, and
the upper Ocklawaha River Basin. In the
Northwest Florida Water Management
District, restoration began in portions of
Tates Hell Swamp, formerly ditched and
drained for pine plantations. In the
Suwannee River Water Management
District, large parcels within the 100-year
floodplain of the Suwannee River are being
acquired, protected, and restored where
necessary. In the Southwest Florida Water
Management District, over 30 ecosystem
restoration projects are under various
stages of development for the Tampa Bay

estuarine ecosystem.

In 1999, the Florida Legislature passed
the Florida Forever Act, the successor to
Preservation 2000. The act provides $300
million per year for 10 years for land
acquisition, water resources protection,
ecosystem restoration, and urban parks and
open space. Half of the water management
districts’ allocation (35 percent) may be used
for water resources development, including
restoring aquifer recharge, capturing and
storing of excess flows of surface water,
surface water reservoirs, and implementing
aquifer storage and recovery.

Conclusion

The basic water management
framework established by the 1972 Water
Resources Act has remained intact. The
Department of Environmental Protection
and the water management districts jointly
implement a broad range of programs
related to water supply, flood protection,
water quality and natural systems
protection.

Water supply and water allocation
have emerged as paramount issues
for the next century. In some areas of

the state, demands for water are

beginning to exceed the capacity of aquifers
and surface waters to meet these demands.
Competition for water is increasing. The
effects of withdrawing more ground water
than rainfall can replenish are evidenced by
saltwater intrusion, diminished spring flow,
dried-out marshes and disappearing lakes.
In some areas, new, easily developed, clean
sources of water no longer exist. Alternative
sources can be developed, but at higher
costs than traditional sources. Although
Florida is in many ways “The Water State,”
its supplies are not boundless.



Conservation Lands
2001

Conservation lands are relatively undeveloped lands.
They help protect our freshwater supply, are home to a
rich array of plants and animals, and provide recreation
and refuge to residents and tourists. Many of the lands
Florida was anxious fo sell for drainage and development
early in its history are now once again in public ownership.
Included are state, federal and local government
conservation lands, as well as privately owned parcels.

Source: Florida Natural Areas Inventory 2001
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Population Density
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Source: U.S. Bureau of the Census




The Human Framework
Time Line

1774

1.2’000 B'.C " The Suwannee River is

First Florldlags “The cleanest and purest

enter the Florida of any river. . . almost as

peninsula. transparent as the air we 1821
breathe.” Spain cedes East and West
— Naturalist William Bartram Florida to the United States

] 2 000 BC +1500 +1770 *1820_1830_

1500 1827
“In appearance it [northern Florida] is

entirely unlike any part of the United
States. The lakes abound in fish, trout,
brim, perch and soft-shelled turtle; and

in the winter with wild fowl.”
— Judge Henry M. Brackenridge

Beginning of Spanish
exploration of Florida.

350,000 Native Americans living
throughout the present-day state.

—— o 22 e

Timucuan Indians depositing grain in public granary




1848
Secretary of the

Treasury Buckingham

Smith declares the
Everglades can be

reclaimed by digging

canals. Stephen R.
Mallory, collector of
customs at Key West

)

1851
Board of Internal Improvement
established to transfer wetlands to

1835 warns “it will be found private companies for drainage. Dr. John
Steamboats wholly out of the Gorrie of Apalachicola patents a process
begin arriving question to drain all for making ice; he used the process to

in Florida. the Everglades.” cool the rooms of his patients.

1845

Florida statehood. Federal
government grants 500,000 acres
of land to the state for “internal
improvements.”

Source: Florida State Archives

1850

U.S. Congress
conveys all swamp
and overflowed
lands to the state.

Dr. John Gorrie




John Muir ca. 1870

Source: Florida State Archives

1867 1875

Florida is “so watery and vine tied that The Ocklawaha River is “the sweetest
pathless wanderings are not easily waterlane in the world” and Silver
possible in any direction.” Springs Run is a “journey over

— John Muir transparency.”

— Sidney Lanier, Florida:
Its Scenery, Climate, and History

1870

1866 Jacksonville becomes a major port
Governor Davis Walker for lumber production and export.
grants William Gleason
over 6 million acres
based on his pr0p08al to Source: Florida State Archives
drain swamplands east
and south of the
Everglades. 1868

State’s first water

pollution law

establishes a penalty

for defiling or
corrupting springs
and water supplies.

Lumber wharf, Jacksonville, 1870s




Source: Florida S_toTe Archives

1879

Santa Fe Canal
Company constructs
two canals from Waldo : ‘ : ok Fihy
to Melrose via Lake Alto Water hyacinths, Lake Monroe, between 1903 and 1906
and Lake Santa Fe.

1881 1884

State of Florida sells 4 million acres Mrs. W. E Fuller plants
of land near Lake Okeechobee and water hyacinths along
in the Kissimmee River basin to the shore of her home
Hamilton Disston of Philadelphia on the St. Johns River.

for 25 cents per acre.

1882

Source: Florida State Archives Disston links Lake Okeechobee

? ' outlet to the Gulf coast via the
Caloosahatchee River. “. . . by
their insane shooting at
everything, the tourists were
driving all birds, alligators, and
animals from this portion of the

[Ocklawaha] river.”
— George Barbour, Florida for Tourists,
Invalids, and Settlers

g

Steamboat on the Ocklawaha River, 1877




Source: Florida State Archives

Frost damage to citrus crop

1886 1894-95
Freeze and hurricane destroy north- Great Freeze ends commercial
central Florida’s citrus industry. agriculture industry in north Florida.

1889
Phosphate is discovered near Dunnellon.

Source: Florida State Archives

Early phosphate mine




1900

“The existing practices of lumbermen in
cutting timber land so close . . . [left] no
young trees unscathed to form new
forests, and when the pine disappears, it

is replaced by utterly worthless scrub.”
— Pensacola Daily News, March 27

1900

“[IIn our very midst, we have a tract of land
one hundred and thirty miles long and
seventy miles wide that is as much unknown

to the white man as the heart of Africa.”
— Hugh L. Willoughby, Across the Everglades
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Source: Florida State Archive§

‘ 1904
PROGRESSIVE | A Napoleon Broward
FLORIDA S elected governor on a

promise to drain the
Everglades for gardens
and farms.

CALO0SAHATCHEE\ R
RIVER
DISTRICT,
NEAR

FORT MYERS,

Reclaiming the great Everglades, 1912




Source: Florida State Archives

Florida East Coast Railway, Key West Extension, Express Train
crossing Famous Long Key Viaduct. Florida
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Florida East Coast Railway, Key West Extension, crossing Long
Key Viaduct

SRR

1912

The Flagler Railroad to Key West is
1906 completed.
John Gifford introduces
melaleuca as the ideal Intracoastal Waterway from
plant for drying the Jacksonville to Miami is completed.
Everglades.

1907

Everglades Drainage District established. 1913
“Drainage of the Florida
Everglades is entirely
practicable and can be

Source: Florida State Archives accomplished at a cost which

the value of the reclaimed
land will justify, the cost

being very small.”

— Florida Everglades
Engineering Commission

L2 % 228 e

Former Governor Jennings and family with press tour of
Everglades Drainage Project, 1907




Source: Florldo S’ro’re Archives
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Tamiami Trail blazers

1916
Construction of the Tamiami Trail begins.

1920s
South Florida real estate boom; Carl Fisher transforms wet,

mangrove-fringed island to resort of Miami Beach; saltwater
intrusion in St. Petersburg’s municipal well fields.

Source Florida State Archives
@3}%

Bathing beauties at the beach




1931

Gulf Intracoastal Waterway
extended from Pensacola
to Carrabelle.

1929
Okeechobee Drainage
District formed. In From Eden

1926 to Sahara: Florida's Tragedy, 1935

Hurricane John Kunkel Small predicts Construction begins on

kills 400 in that, once drained, Florida the Cross Florida Barge

Lake Okeechobee will become a desert. Canal; “Labor Day

area. Hurricane” hits the Keys,
killing 400.

s | 925 seeesssssssssssseesssssssssss | 930 meeee-—-————————— | 935 e

1928 Source: Florida State Archives

Hurricane kills 2,000 south of Lake
Okeechobee when earthen dike fails to
contain Lake Okeechobee: “The
monstropolous beast had left his bed.
The two hundred miles an hour wind had
loosed his chains. He seized hold of his
dikes and ran forward until he met the
quarters; uprooted them like grass and
rushed on after his supposed-to-be-
conquerors, rolling the dikes, rolling the
houses, rolling the people in the houses
along with other timbers. The sea was
walking the earth with a heavy heel.”

— Zora Neale Hurston,
Their Eyes Were Watching God
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1931-45
Florida experiences drought,
saltwater contamination in

1937 wells along the coast, and fires
Work suspended on in dry muck soils in the former
the Cross Florida Everglades.

Barge Canal.

eessees | 935 eeesseeeesseeesessesessssssssssn | 940

1937

U.S. Army Corps of Engineers completes
85-mile-long Herbert Hoover Dike flanking
three-quarters of Lake Okeechobee.

S

Source: Florida State Archives

1926 .~1928
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Source: Florida State Archives
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Drought, Everglades

1945 m——

1941-45

In World War II, Florida became
a training ground for tens of
thousands of soldiers. Many
later returned as tourists or to
become residents.




1947

Two hurricanes flood Miami.

First algal blooms reported in
Lake Apopka. Everglades National
Park opens — “There are no other

Everglades in the world.”

— Marjory Stoneman Douglas,
The Everglades: River of Grass

Source: Florida State Archives

President Harry Truman with John Pennekamp at
dedication of Everglades National Park, 1947

1949
Florida Legislature creates the Central and Southern

Florida Flood Control District to act as local sponsor
for the federally authorized project.

1948

Congress authorizes the Central
and Southern Florida Flood
Control Project; U.S. Army
Corps of Engineers proposes
three water conservation areas.

1955

State Board of Health
declares Peace River “is
now suffering severely
from excessive organic
and chemical pollution.”



Source: Florida State Archives

1964

U.S. Army Corps of Engineers recommends
construction of a $12.5 million hurricane
levee across Hillsborough Bay at Tampa.
“God was good to this country . .. Butin
His wisdom the Creator left something for

men to do for themselves.”

— President Lyndon B. Johnson, Groundbreaking for the
Florida Cross State Barge Canal

Kissimmee River, Canal 38

1962
Construction of the
Kissimmee Canal begins.

1957

Jim Woodruff Lock and Dam

on the Apalachicola River 1960

becomes fully operational. Hurricane Donna floods

Tampa Bay Area.

1959 1961 1965

Suwannee River Authority Congress Congress enacts the

and Peace River Valley Water authorizes the Four Federal Water Quality Act.
Conservation and Drainage River Basins,

District created. Florida Project for

flood control in
Tampa area; the
Southwest Florida
Water Management
District is created;
south Florida
receives only 30
inches of rain.




1971

Congress orders U.S. Army Corps of Engineers to
deliver more water to Everglades National Park;
construction of the Florida Cross State Barge Canal
halted; canalization of the Kissimmee completed.

1966

Central and Southern Florida 1972

Flood Control District pumps Year of the Environment

excess water from farmlands (see page 9)

into water conservation areas,

drowning hundreds of deer. 1974
1970 . . Big Cypress National
Four River Basins, Preserve, located in
Florida project is Ochopee, Florida, next to
halted for restudy; the Everglades National
first Earth Day. Park, was established.

1973
1966-67 1970-71 Record flood occurs
Fifteen new sinkholes State experiences in the upper reaches
appear in central Florida, worst drought to of the Suwannee
indicating a serious drop date. River basin.
in the water table.
1969 Source: Suwannee River Water

Management District
T g

United States Geological
Survey map shows area in
southwestern Polk County
as a “caution area” for
further water withdrawals.

L
s

1970s

Escambia Bay
experiences
repeated massive
fish kills.

Suwannee River at Dowling Park,
April 1973 flood




1976

Summary Report on the Special Project to
Prevent Eutrophication of Lake
Okeechobee finds “water delivered to Lake
Okeechobee from the Kissimmee River by
Canal-38 contributes significantly to the
eutrophication of the Lake.”

1980
Florida Hazardous Waste Management
Act enacted. Floridan aquifer levels in
Ft. Walton Beach area had declined as
much as 100 feet below sea level.

1982-83

Over 400 drinking water wells in
northeastern Jackson County
found to be contaminated by the
pesticide ethylene dibromide.

1985

Elevated levels of nitrogen
detected in the upper reaches

of the Suwannee River.

1984

The Warren S. Henderson

Wetlands
enacted.

Protection Act is

1977

Upper St. Johns
River Basin
Restoration

Project begins.

1979
Conservation and
Recreation Lands
(CARL) Trust Fund

established. 1981

Florida Legislature creates
Water Management Lands

Trust Fund, provides
funding for Save Our
Rivers land-buying

program.

1983

Florida Water Quality
Assurance Act establishes
statewide groundwater
monitoring network;
Governor Bob Graham
announces the Save Our
Everglades program.



1988

St. Johns River Water

Management District
begins restoration of
Lake Apopka.

1986

Florida Legislature

establishes the nation’s
first program to clean up
contamination from
leaking underground
petroleum storage tanks.

1993

The State Department of Natural Resources
and Department of Environmental
Regulation are merged into the
Department of Environmental Protection.
The Department of Community Affairs
estimates 1.3 million Floridians live in
areas subject to flooding.

1990

Preservation 2000
provides

$300 million per year
over 10 years to
purchase
ecologically
valuable lands.

1994

Everglades Forever Act
outlines major elements
of Everglades restoration;
Tropical Storms Alberto
and Beryl and Hurricane
Opal flood Panhandle.

1987

Florida Surface Water
Improvement and
Management

(SWIM) Act enacted.

Source:
South Florida Water Management District

-
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1989 ‘

Southwest Florida Water
Management District declares
northern Tampa Bay, eastern
Tampa Bay, and Highlands Ridge
as water use caution areas.

1992

1995

Florida Water Plan adopted
by the Department of
Environmental Protection
declares “water must be
managed to meet the water
needs of the people while
maintaining, protecting,
and improving the state’s
natural systems.”

Hurricane Andrew, 1992

Hurricane Andrew strikes southern Dade
County, causing $16 billion in damages;
Congress directs the U.S. Army Corps of
Engineers to undertake restoration of the
Kissimmee River; Southwest Florida Water
Management District combines its three
water use caution areas to establish the
Southern Water Use Caution Area.



Photo credit:
St. Johns River Water Management District

1996

Water management districts
required to submit priority lists
and schedules for establishment
of minimum flows and levels.

1999

Florida Forever Act provides $300 million
dollars per year for 10 years for land
acquisition, water resources protection
and supply, ecosystem restoration, and
urban parks and open space.

Upper St. Johns River Basin, 1995

Photo credit: Diane Sterling

1997

Florida Legislature defines regional
water supply planning responsibilities
of the five water management districts,
local governments, and utilities;
Legislature approves an agreement with
Alabama and Georgia establishing the
basis for an interstate compact on the
Apalachicola/Chattahoochee/Flint
River system; 38 percent of flow from
Florida’s domestic wastewater treatment
plants is reused.




Chapter 2

Water: Its Magic

“If there is magic on this planet,

itis in water.”

— Loren Eisley, Naturalist and Philosopher

KEY IDEAS

e Water is critical for all life on Earth.
e Water has many amazing chemical and

physical properties.

¢ Most of the water on Earth is salt water.

¢ Only 3 percent of the Earth’s water is fresh
water and less than 1 percent of the fresh
water is available for use. Most fresh water is
frozen in glaciers and polar ice caps.

e Water is continuously circulating between

the sky, land and sea.

¢ No significant amount of water enters or
leaves the global water cycle.

* Water does enter and leave Florida’s water cycle.

¢ Rainfall in Florida varies with season and

location.

¢ Florida is susceptible to extreme weather
events including tornadoes, hurricanes,
floods, thunderstorms and droughts.

* Florida’s climate is influenced by global

patterns.

VOCABUOLARY
Atom La Nina
Capillarity Liquid
Condensation Molecule
Drought Precipitation
El Nino Saltwater intrusion
Evaporation Solid
Evapotranspiration Solvent
Flood Stormwater runoff
Gas Surface tension

Global warming
Ground water
Humid subtropical
Hurricane
Hydrologic divide

Surface water
Tornado
Transpiration
Tropical savanna
Water budget
Water cycle

“One question I ask of you:

Where flows the water?

Deep in the ground in the gushing spring,
A water of magic power — The water of life!
Life! O give us this life!”

— Native Hawaiian poem

The wonders and life-giving powers of
water have awed and intrigued people
throughout the world. To many, water
came first in the unfolding of creation.
Only after water did land appear, then
plants and animals, and then humans.
The Winnebago Indians of Wisconsin
speak of the Earthmaker. Sitting alone in
empty space, the Earthmaker began to
cry, and as his tears fell, the waters of the
Earth formed. For the Maori of New
Zealand and the Crow Indians of the
North American plains, in the beginning
there was no land on Earth, only water.
The Book of Genesis describes Earth
before creation as dark, with water
covering all the land. Scientists believe
life on Earth began in water, where it
remained for 3 billion years. About 450
million years ago, plants began to grow
out of water, but only on wet ground
(Hooper and Coady 1998). Today, water
covers 75 percent of the Earth.

Water is essential for all life processes.
Plants and animals are between 50 and
97 percent water. The human body is 70
percent water. Protoplasm, the basic
material of all living cells, is a solution of
fats, carbohydrates, proteins, salts and
other chemicals in water. Sap in plants and
blood in animals are largely water.
Humans can live almost 30 days without
food, but only about three to four days
without water.

Water’s cleansing, healing and
renewing powers are unmatched by any
other resource on Earth. Religions baptize
their initiates in water, and the aged and
infirm continue to flock to springs thought
to have special healing powers. Water is



IN THE BEGINNING

The world was covered with water, and
Old Man and all the animals floated about
on a raft. Old Man sent a beaver to bring up
some mud, but the water was too deep. Old
Man next sent a loon but the water was still
too deep. At last he dispatched a muskrat.
After a long time, the muskrat surfaced with
a clump of mud in its paws. Old Man made
the land and all the people from the mud

retrieved by the muskrat. — Plains Indians

The Sun-father and the Moon-mother
ordered their children to leave the heavens
and to live on the Earth. But Earth was
completely flooded with water, and the
children were afraid. The elk, the bravest of all
animals, went with them. The elk dove into the
water and called for the wind to dry the land.
Joyous, the elk rolled on the new land, and
plants sprang up from the loose hair he left

behind. — Osage Indians

Source: Feder 1997

fun as well as awe-inspiring and is the
single most sought-after recreational
resource on Earth.

Water and the lack of water can also
bring death and destruction. People have

always feared the devastating effects of
floods, droughts and storms. Modern
technology has helped us predict these
events and prepare for them, but their
occurrence is still largely beyond our control.

Water’s Siructure

Water has some remarkable chemical
and physical properties. The water molecule
is simple: two hydrogen atoms bound to one
oxygen atom. An extremely strong bond
called a covalent bond connects these
atoms. The two hydrogen atoms are always
at an angle of exactly 104.5 degrees from
each other, making all diagrams of water
molecules “look like the ears on a round

WATER'S AMAZING PROPERTIES

e Water is the only substance that exists in
nature as a liquid, a solid and a gas.

e Water circulates continuously between
land, sky and sea.

e Pure water is odorless, transparent and,
for many people, tasteless. Taste is often
from minerals or other items dissolved
in the water.

* Unlike most liquids, water expands
rather than shrinks when cooled.

head of a panda”

(Watson 1988).

Because the fit

between the atoms is so

perfect, water is among

the most stable compounds

in nature. The tiniest droplet

of water contains more than 300 trillion
water molecules.

Thus, water is lighter in its solid state
than it is in its liquid state. This is why ice
floats. Imagine how different the world
would be if ice sank. In colder climates,
rivers, lakes and ponds would be frozen
solid, and fish and other aquatic life
would be unable to survive the winter.

e Water holds heat much better than air does.
Air temperature may change rapidly, but
water temperature changes slowly. On
a cool summer night, seawater is
still warm enough for a swim.




e Water is the universal solvent. This means

that more substances will dissolve in
water than in other liquids. This property
makes water very useful for washing
clothes, dishes and human skin. It also
means water becomes contaminated or
polluted very easily.

* Water shapes the surface of the Earth.
In combination with gravity, wind and
expansion and contraction caused by
freezing and thawing, water can dissolve
rocks, wear down mountains and hills,
and sculpt drainage basins.

e Water has surface tension. Surface
tension occurs when two substances that
do not mix freely, such as air and water,
come into contact. The water molecules
draw closer together and cling or adhere
to each other like little magnets, causing

the surface to shrink (Wick 1997).
Because of surface tension, insects can
skate across the surface of a pond, which
seems to have a skin. Surface tension also
holds molecules together in drops.

* Water has capillarity. Capillaries are long,
slender, tubelike structures. Water rises in
capillaries because of the attraction of
water molecules to each other and to the
molecules on the side of the solid
capillary. For example, if you rest a straw
in a glass of liquid, the liquid rises in the
straw above the level of liquid in the glass.
This is because of capillarity, which
results from the attraction of the water
molecules to each other and to the
molecules in the straw. Because of
capillarity, plants are able to draw water
from the ground up through their roots
and stems.

Global Water Cycle

Until the late 1980s, scientists assumed
the amount of water on Earth was fixed

1% of the water on Earth ------- >

World’s Water

100%

is that
we can use for drinking,
transportation, heating
and cooling, industry
and agriculture

and finite. Now some scientists believe that
Earth’s water supply may be constantly
growing as a result of huge “snowballs” that
enter the Earth’s gravitational field from
outer parts of the solar system. These
snowballs, about the size of small houses,
are thought to melt and evaporate when
they approach the Earth (Frank 1990, cited
in Pielou 1998). In any event, this possible
addition is relatively insignificant in
relation to the vast amount of water
ConStant]‘y on Earth' 97% of the water on Earth -------caa---. >

Water on Earth today has been here for is
millions and perhaps billions of years.
Scientists believe water originated early in
the Earth’s history from hydrogen and
oxygen in the gas cloud from which our
universe formed.

In 1998 in Monahans, Texas, five boys
were playing basketball when they heard
what sounded like a sonic boom. In a
nearby vacant lot, they saw a black rock

the size of a grapefruit. One of the boys
picked up the still-warm rock and
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handed it to his father, who correctly
identified it as a meteorite. Inside was a
minute amount of liquid water, the first
ever found in a meteorite. Scientists
believe this water dates from very early in
the solar system and may be 4.5 billion
years old. This finding supports the theory
that water is indeed very ancient. It also
suggests that perhaps there were other
places in the solar system where life may
have developed.

Nearly all of the water on Earth is salt
water. Less than 3 percent is fresh water
and most of this is locked up in glaciers
and polar ice caps. Less than 1 percent of
the world’s water is fresh water available
for human and nature’s use.

The water on Earth is continuously
circulating between the air or atmosphere,
the land and the sea. The ways in which
water moves around, above, on and within
the Earth is the hydrologic or water cycle.

The sun is the energy source for the
water cycle, causing water to evaporate
from lakes, rivers and oceans, as well as
from land surfaces and vegetation. When
water evaporates, it changes to a gas
(water vapor) and rises in the air. When the
water vapor rises and meets cold air, it
condenses, forming water droplets, or
what we see as clouds or fog. This process
is called condensation. Water droplets
combine into water drops and return to
the Earth as precipitation in the form of
rain, sleet, hail or snow.

Exactly how clouds produce rain has
eluded meteorologists until recently. In
1999, Dutch scientists using a
supercomputer to model cloud behavior
announced that rain is produced when
whirling masses of water, a few
centimeters in diameter, force water
droplets outward by centrifugal force.
These droplets then collide and grow. To
fall to the ground as precipitation, they
need to reach a diameter greater than 20
micrometers (Environmental News
Network online, November 16, 1999).

Some rain is absorbed by vegetation or
evaporates before it reaches the ground.
Some evaporates after it reaches the
surface. Some soaks into the ground and is
taken up by the roots of plants and then
released back into the air through the
leaves of the plants in a process called
transpiration. The combination of
evaporation and transpiration is referred
to as evapotranspiration. Some rain soaks
beneath the water table into underground
units of water-bearing rock called aquifers.
The remainder becomes surface or
stormwater runoff that flows over the
ground to wetlands, lakes, ponds, rivers
and oceans.

A water molecule’s trip from the
atmosphere and back may be very long or
very short. It may stay in the atmosphere
for only a few days or it may remain deeply
buried in cavities in the earth or frozen in
polar ice caps for thousands of years.

Water Cycle in Florida

No significant amount of water enters
or leaves the global water cycle. The water
cycle in Florida, however, is an open
system. Florida’'s water cycle includes the
flow of surface water and ground water
from Georgia and Alabama into northern
and northwestern Florida, as well as
outflows to the Atlantic Ocean and the
Gulf of Mexico. Hydrologist Garald Parker
was the first to discover that neither
surface water nor ground water crosses a

line snaking across the peninsula from
Cedar Key on the Gulf to New Smyrna
Beach on the Atlantic (Betz 1984). This line
is known as the hydrologic divide. South
of the hydrologic divide, Florida is an
island as far as fresh water is concerned: it
totally depends on rainfall for its fresh
water, including ground water stored in
aquifers. North of the hydrologic divide,
Florida receives water from outside the
state.
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An average of 150 billion gallons of rain falls each day in Florida. Another 26 billion
gallons flows into the state, mostly from rivers originating in Georgia and Alabama.
Nearly 70 percent of the rain (107 billion gallons) returns to the atmosphere through
evaporation and plant transpiration (evapotranspiration). The remainder flows to rivers
or streams or seeps into the ground and recharges aquifers. Each day in Florida,

2.7 billion gallons are incorporated into products or crops, consumed by humans or
livestock, or otherwise removed from the immediate environment (consumptive use).
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Most of the Florida peninsula is a hydrologic
island. It depends totally on local rainfall to meet
its freshwater needs. Only 44 percent of the
state’s rain falls south of the hydrologic divide;
yet that area is home to 78 percent of the state’s
permanent population and accounts for 75
percent of the state’s water use (Betz 1984).
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Weather and Climate

Florida has two types of climate: humid
subtropical in the northern two-thirds of
the state and tropical savanna in the
southern third and the Keys. A humid
subtropical climate is cooler than a tropical
savanna climate, especially in the winter
months, and lacks distinct wet and dry
seasons. A tropical savanna climate is warm
year-round and has distinct rainy and dry
seasons. The rainy season in south
Florida is in the summer and early fall,
when thunderstorms occur nearly every
afternoon. The dry season is in the winter.
In the United States, only portions of Hawaii
share this climate type. A tropical savanna
climate is also found in nearly half of Africa,
parts of the Caribbean Islands, central and
southern Brazil and southeast Asia (Henry,
Portier and Coyne 1994).

An average of 135 centimeters (53
inches) of rain falls each year in Florida.
Some areas, however, receive considerably

Climate Types

Pensacola

Panama

more, while some areas receive
considerably less than this amount.
Wewahitchka in the Panhandle receives an
average of 175 centimeters (69 inches) and
Key West receives only 102 centimeters (40
inches). Rainfall throughout the state varies
considerably from season to season and
from year to year, as well as from place to
place.

The variability of rainfall in Florida
cannot be overemphasized: it is quite
possible for it to rain on one side of the street
and not the other! Stations within the same
city often record large differences in the
amount of rainfall. For instance, in the greater
Miami area, Miami Beach receives an average
of 114 centimeters (45 inches) annually, and
the Miami airport receives an average of 143
centimeters (56 inches) annually. Many
counties have distinct rainfall zones based on
Florida’s subtle geographic features,
vegetation and water bodies.

.

Tallahassee .
Jacksonville
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The wettest places in Florida are in the Panhandle and in the Ft Mye 52—
southeastern part of the state. In the Panhandle, abundant rain falls ‘
throughout the year. In southeast Florida, the Gulf Stream contributes 52

both moisture and instability to the air. There, especially just inland A ", Miami
from the coast, thunderstorms are very frequent from May through D

October. In contrast to other parts of the state, these storms are likely

to occur during the night as well as during the afternoon and early TN k
evening. The lowest amounts of rainfall occur in the Keys and the

central portion of the peninsula.

FLOODS AND DROOGHTS

Floods and droughts have always been
a natural part of Florida’s weather pattern.
Many natural systems are adapted to and
dependent on these events. Floodwaters
bring needed nutrients to river floodplains,
bays and estuaries. Fires from lightning
(more common during droughts) help
maintain certain natural communities,
such as pine flatwoods, prairies and scrub.
Without regular, naturally occurring fires,
these communities will succeed to
hardwood forests or will burn
catastrophically, as occurred in portions of
northern and central Florida in the

L 2
Key West
Source: Henry 1998

summer of 1998 because of accumulation
of pine needles and other fuel. The
problems associated with floods and
droughts cause more severe impacts
because population growth in Florida has
been permitted in places that naturally
flood or because too much growth has
been permitted in places without enough
water. Because parts of Florida have large
numbers of people, large water demands
for agriculture and industry and relatively
small capacity to store water, extended
periods of low rainfall usually result in
water shortages.
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Florida's average rainfall varies greatly from year to year. However, averages in a state as large and
as diverse as Florida may be misleading. In a year with “average” rainfall, one part of the state may
have been very dry and another part may have been very wet!

In the Sunshine State, when it rains, it
usually pours, and floods may result.
Floods generally occur in winter and early
spring in northern Florida from heavy rain
accompanying cold fronts. In summer and
fall, all of Florida is susceptible to flooding
from thunderstorms and hurricanes.
Human activities can create environments
prone to flooding. Practices that remove
soil and vegetation can increase an area’s
vulnerability to flooding. In northern
Florida, flooding usually occurs along
rivers. In southern Florida, flooding may
occur in any low-lying area. Dikes, canals
and other stormwater systems have been
built in south and southwest Florida to
help prevent flooding in developed areas.

Although Florida is one of the wettest
states in the nation, it is still sometimes
affected by droughts (extended periods of
low rainfall). Moderate droughts occur
frequently, and severe droughts occur in
some part of the state about every six
years. In the 1980s, a series of droughts
occurred in the state. In 1988-89, rainfall in
Key West was less than one-fifth the

normal amount and in southwest Florida,
groundwater levels were at a record low,
causing many sinkholes to form. In

June and July of 1998, extremely dry

conditions in northern and central
Florida resulted in more than 2,300
wildfires that consumed 200,000 hectares
(500,000 acres), destroyed 368 houses and
forced the evacuation of 130,000 people.

Rainfall deficits have continued since
1998 until the present (May 2001)
throughout the state. These deficits would
statistically be expected to occur only
once every 100 to 200 years. The flow of
the Apalachicola River and the depth of
Lake Okeechobee have dropped to all-
time lows. The St. Johns River Water
Management District has experienced
vast fluctuations in rainfall levels from
one end of the district to the other.
Calendar year 2000 was the driest on
record (since 1915) in the Southwest
Florida Water Management District. In
some parts of the Southwest Florida Water
Management District, drought conditions
have increased the potential for sinkhole
development, water quality problems and
drying up of private wells.

During droughts, when the level of
fresh water in the ground is lowered, salt
water may move into freshwater portions
of aquifers in a process known as
saltwater intrusion. Because droughts
reduce recharge, they can have a major
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Throughout Florida, summer is the wettest season as a result of nearly daily thunderstorms.
Hurricanes may also bring large amounts of rain. Winter and spring are the driest seasons in
south Florida. Preceding cold fronts, significant amounts of rain usually fall in the Panhandle

impact on our underground water supply.
Since salt water is heavier than fresh water,
it occupies the lower portions of the
aquifer. If the freshwater level is lowered by
pumping and not replaced by recharge, salt
water can flow in or rise up and
contaminate underground freshwater
supplies.

STORMS

Florida’s peninsular shape, converging
sea breezes, position relative to the
Atlantic high pressure system, and
tropical and subtropical location make it
an ideal spawning ground for
thunderstorms. Peninsular Florida is the
thunderstorm capital of North
America. “Tampa”’ may come from
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Hydrologists calculate water budgets, formulas used by hydrologists to determine water surpluses and
deficits in an areaq, to help determine where and when these surpluses and deficits are most likely fo
occur. This knowledge is essential for planning and management. Floods may occur during times of
surpluses, and water shortages may occur during times of deficits, particularly in high population areas.
Irrigation of crops is usually necessary during periods of water deficits. In Florida, a water deficiency
exists throughout the year in Key West. To meet its freshwater needs, Key West depends on either water
pumped from the mainland or desalination. In the peninsula, deficits are common in winter and spring.
Water deficits rarely occur in the Panhandle, but floods may occur during times of surpluses, particularly

during the winter.
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an Indian word meaning “stick of fire”
(Henry, Portier and Coyne 1994) and is
often referred to as the lightning capital of
the United States. The Gulf coast from
Tampa to Ft. Myers is one end of a
lightning belt that stretches across the
state to Daytona Beach and Cape Kennedy.
Over 200 hours of thunderstorms occur
each year in southwestern Florida.

Florida is also susceptible to hurricanes
and tornadoes. Nearly 40 percent of all
hurricanes that have made landfall in the
United States have hit Florida. The most
common points of landfall are in the
Panhandle and along the southern portion
of the peninsula. Hurricanes typically bring
from 12 to 30 centimeters (5 to 12 inches)
of rain, but have brought as much as
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98 centimeters (38.7 inches) or as little as
1 centimeter (0.5 inches) (Henry 1998).
South Florida was spared severe
hurricanes from 1965 until 1992, when
Andrew crossed southern Dade County,
causing 26 deaths and over $3 billion in
damages.

Florida also suffers from tornado
damage, averaging 45 tornadoes each

Source: Henry 1998

year. In Florida, tornadoes develop under
four conditions: along the squall line ahead
of an advancing cold front, along the squall
line where masses of warm air converge, in
isolated local summer thunderstorms, and
within feeder bands associated with
hurricanes (Winsberg 1990). Numerous
water spouts that are in essence “mini-
tornadoes” also occur.
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The Gilobal Picture
EL NINO AND LA NINA
Florida’s climate is strongly influenced Gulf of Mexico.
by the temperatures of the Atlantic and Even more of an influence on Florida’s
Pacific oceans (Henry 1998). When the weather are El Nino and La Nifa,
temperature of the Atlantic near the phenomena that occur in the Pacific Ocean
equator is higher than normal, less rain off the coast of Peru. El Niiio is an
falls on Florida. This is a result of unseasonably warm ocean current that
changing wind patterns that bring generally occurs every 3 to 7 years and lasts
less moisture over Florida from the an average of about a year to 15 months.
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Global warming may cause a rise in sea level along
the world’s coastlines as glaciers melt. Because so
much of Florida’s population is along the coast, any
rise in sea level poses a threat. If sea level were to
rise 15 feet (4.5 meters), nearly all of Florida south of
Lake Okeechobee would be underwater, and the
remaining Gulf and Atlantic coastlines would be
many miles inland from their current location.

Source: Lane 1994

Peruvian fishermen first identified the
event and named it El Nino after the Christ
Child because it appeared off their coast

cooler water from the ocean depths.
El Nifio years bring greater than normal
amounts of rainfall to Florida in the winter

around Christmas. Scientists do not fully
understand this phenomenon. It begins
when Pacific trade winds become weak
and the top layer of the eastern Pacific gets
warmer and warmer. The mass of clouds
created by the warm water is carried
eastward by the subtropical jet stream. La
Niiia (also sometimes called El Viejo) is the
opposite of El Nifio. La Nifia occurs when
stronger than normal trade winds stir up

than La Nifia or neutral years, as well as
more intense and frequent storms from the
Gulf of Mexico. La Nifa years bring less
winter rainfall. Hurricanes, which originate
in the Atlantic, are less frequent during El
Nifo years than during La Nifia or neutral
years.

By monitoring the Pacific Ocean
west of Peru, scientists can now
forecast El Nino and La Nifia




(Florida Consortium 1999). This knowledge
is critical to agriculture, forestry and
emergency management. Winter
vegetables and fruits are a big industry in
Florida. Growers now know whether they
are likely to face a wet or a dry growing
season. Strawberry growers, for example,
have learned to plant drought-tolerant
varieties during La Nifia years (Florida
Consortium 1999). Dry La Nifia winters
may mean greater risk of forest fires in the
normally dry spring. During El Nifio years,
although winters are wetter than normal,
springs tend to be drier than normal in
many parts of the state. These conditions
may result in fires in early summer, as
occurred in June 1998. Knowledge of La
Nifa helps emergency managers plan in
advance for a hurricane season that will
probably be more active than normal.

GLOBAL WARMING

In January 2001, over 700 scientists from
more than 100 countries met in Shanghai,
China, to discuss world climate change.
They reviewed the data and agreed that the
average global surface temperature has
risen by 0.6 degrees centigrade over the
twentieth century, and the sea level has
risen between 0.1 and 0.2 meters. They
predict temperatures will rise between 1.0
and 3.5 degrees centigrade over the coming
century, causing more frequent floods and

droughts, rising oceans and expansion of
temperate climates northward. The group
concluded that most of the warming
observed over the last 50 years is
attributable to human activities,
specifically burning of fossil fuels such as
coal and oil.

Although global warming is not
accepted by the entire scientific
community, some scientists predict that
global warming will impact several aspects
of Florida’s climate (Henry 1998). While
global rainfall levels are expected to
increase, rainfall in Florida is expected to
decrease as temperatures rise. According to
some researchers, reduced rainfall and
fewer winter storms reaching Florida
would result from a predicted northward
shift of the jet stream. Another study;,
however, indicated that summer rainfall
would increase, particularly in the
Panhandle. Droughts may also be more
severe if temperatures rise, because rainfall
would likely be more variable. Will the
frequency and intensity of hurricanes
reaching Florida increase with global
warming? Early studies indicated that
Florida might experience more frequent
and more intense hurricanes in a warmer
world, but more recent studies indicate
that the threat from hurricanes will not
likely increase significantly in the near
future (Henry 1998).

Conclusion

Water is basic to all life on Earth. “Living
things depend on water but water does not
depend on living things. It has a life of its
own” (Pielou 1998:x). The hydrologic cycle
continues regardless of the activities of the
millions of life forms it nourishes. Rain falls
or fails to fall, rivers flow to the sea, snow
falls and lakes freeze, hurricanes form over
the warm seas, water seeps through the soil
to replenish aquifers.

Today, humans have spread throughout

the globe and have the power to influence
the waters of the world on a scale
unprecedented in our history. Burning of
fossil fuels is contributing to global
warming, which is predicted to bring more
rain to some parts of the world and less to
others. In many places, aquifers, rivers and
lakes are being depleted and polluted. The
water now on Earth is essentially all the
water we will ever have. Yes, water is magic.
It is up to us to respect and protect it.



Chapter 3

Florida's Watler Resources

KEY IDEAS

Most of Florida’s water is ground water.
No rocks. No water.

Ground water is replenished by rainfall.
Surface water in the form of rivers,

lakes, bays and wetlands is abundant.

e Much of Florida has a karst terrain
with sinkholes, underground caverns
and an active interchange between
surface water and ground water.

 Pollution on the land’s surface may
end up in drinking water.

e Wetlands perform many valuable
functions and are protected by law

from development.

* Estuaries are nursery areas for many
sport and commercial fish and

shellfish.

VOCABULARY
Alluvial river Recharge
Aquaculture Runoff
Aquifer Sheetflow
Blackwater river Sinkhole
Brackish Spring
Discharge Spring-fed river

Drainage basin
Estuary
Fill

First-magnitude
springs

Karst

Streamflow
Tributary
Watershed
Wetland

“Florida is blessed with water. Water makes
the difference between desert and flourishing
green plants, as much of the land around the
earth at the same latitude is desert.”

— Peggy Lantz, The Florida Water Story

Florida is, indeed, blessed with water.
Yet you cannot see most of Florida’s fresh
water: it seeps beneath the ground through
sand and gravel and flows through cracks
and channels in underlying limestone. The
amount of ground water under Florida’s
forests, pastures, cities, marshes, roads,
schools and suburbs is mind-boggling:
more than a quadrillion gallons. This is
equivalent to about one-fifth of the water
in all five of the Great Lakes, 100 times as
much water as in Lake Meade on the
Colorado River, and 30,000 times the daily
flow to the sea of Florida’s 13 major rivers
(Conover 1973). In fact, Florida has more
available ground water in aquifers than
any other state.

Florida also has abundant surface
water in springs, rivers, lakes, bays and
wetlands. Of the 84 first-magnitude
springs (those that discharge water at a
rate of 100 cubic feet per second or more)
in the United States, 33 are in Florida —
more than in any other state. Within
Florida’s boundaries are approximately
16,000 kilometers (10,000 miles) of rivers
and streams and 7,800 lakes (Kautz et al.
1998). Although more than half of Florida’s
original wetlands have been drained or
developed (Noss and Peters 1995), the state
still has vast and diverse wetlands. The
Florida Everglades and Big Cypress Swamp
cover much of southern Florida, and some
Florida wetland communities, such as
mangrove swamps and hydric (wet)
hammocks, rarely occur in other states.

In Florida, ground water and surface
water are connected, often in complicated
and changing ways that are invisible at the
land’s surface. Lakes may disappear into
sinkholes, springs may bubble up
through new breaks in underlying



rocks, and water may flow one way at the
land’s surface and quite a different way
underground. This is because much of
Florida has what geologists term a karst
landscape.

Karst landscapes are underlain by
limestone (mostly calcium carbonate), a
soluble rock composed of shell fragments,
limey mud and sand. Limestone is easily
dissolved by water charged with carbon
dioxide (CO,). As rain falls, it mixes with
CO, in the air. As it soaks through the
ground’s surface, the water gathers more
CO, from decaying plants. Water charged
with CO, forms a weak acid (carbonic acid)
that reacts with limestone to dissolve it.

In many parts of the world, land slopes
gradually to the sea. “One can always walk
downhill, arriving eventually at a stream
that can be followed to a river, which can
be followed to the ocean. A characteristic
feature of karst landscapes is that the land
usually slopes down into closed
depressions from which the only exit is
underground” (White 1988:19-20).

The name karst derives from the
Slovenian kars, meaning rock, and was first

used by the Germans to describe a high
plateau in Slovenia with numerous caves
and disappearing streams. Karst is now
used to describe similar areas around the
world. Well-developed karst features may
also be found in south-central Kentucky;,
the Yucatan peninsula, parts of Cuba and
Puerto Rico, southern China and western
Malaysia, as well as in Florida. Rivers and
streams are few and even absent in most
karst areas of the world. Because Florida
has high water tables and flat terrain, karst
areas in Florida have more rivers and
streams than karst areas elsewhere.

Photo credit: Joann Mossa
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Limestone banks, Suwannee River

Watersheds

Today, rather than looking at land and
water resources as separate, unrelated
parts, water managers consider the
connections within a watershed or
drainage basin. Every part of the Earth’s
land surface is within a watershed. Divides
(ridges, peaks or areas of high ground)
separate watersheds. Because water flows
downbhill, rain falling on these divides may
flow in opposite directions, becoming part
of different watersheds. For example, from
the Great Divide in North America the
continent’s river systems flow in opposite
directions.

A watershed is the land area that
contributes runoff, or surface water flow, to
a water body. The water resources within a
watershed are affected primarily by what

happens on the land within that
watershed. Anything on the land
within the watershed, however far

from the water body, can eventually reach
and impact that water resource. Some
examples of contaminants that may be
picked up by water in the watershed are
soil particles (suspended materials) and
chemicals (dissolved materials), such as
nutrients, pesticides, oils and gasoline
residues.

The shape of the land defines a
watershed. Water flows both above and
below the ground from points of higher
elevation to points of lower elevation
through the force of gravity. Rainfall that is
not absorbed by the soil but flows to a
larger body of water is known as runoff;
runoff collects in channels such as
streams, rivers and canals. The small
channels, in turn, flow to larger channels
and eventually flow to the sea. These
channels or streams are also known as
tributaries. The slope of the land, as well as
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the amount and type of vegetation and soil
and the type of land use, determine the rate
and amount of runoff that enters a water
body. More water soaks through sandy soils
than through clay soils; gentle slopes allow
more time for rain to soak into the ground
or to evaporate than do steep slopes; and
natural areas generally allow more water to
enter the ground than areas that are covered
with houses or pavement. Vegetation also
absorbs water and slows its movement.
Florida’s karst terrain and flat
topography sometimes make determining
watershed boundaries difficult. In some
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Lake Okeechobee integrated drainage — small
local streams draining into Lake Okeechobee

Disjointed drainage — these areas without continuous
natural channels may drain into surrounding basins or

into the sea through marshes, swamps, ground water or
constructed channels. In south Florida's managed watershed,
drainage is by canals more often than by marshes, swamps

places the drainage pattern is best described
as “disjointed” because streams and rivers
do not form continuous channels on the
land surface (Mossa 1998) — they may
disappear underground in sinks or
depressions. Large rivers may form from
springs issuing from the aquifer, and surface
water watersheds may be quite different from
groundwater watersheds. Some portions of
Florida are poorly drained (Mossa 1998).
There are few or no streams or channels in
these areas, and water flows across the
surface through extensive swamps or
marshes. This is known as sheetflow.
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In much of south Florida, the natural
landscape has been altered with huge public
works projects, making the region a managed
watershed. Canals, pumping stations and
water-control structures, such as dikes and
weirs, have altered the watershed. The

historic swamps, marshes and associated
sheetflow are greatly altered or are replaced
by urban development and agriculture and
drained by canals. Public and private
entities are responsible for water movement,
especially the discharge of floodwater.

Ground Water

AQUIFERS
Aquifers are underground rocks that
hold water. In Florida, three aquifers are
used for water supply: the Floridan
aquifer, the intermediate aquifer
and the surficial aquifer. In
northwest Florida, the
surficial aquifer is
called the sand and
gravel aquifer, and in
southeast Florida it is
called the Biscayne
aquifer.

The Floridan
aquifer has been called
Florida’s rain barrel
(Parker 1951) and is
one of the most
productive aquifers in
the world. Each day
Floridians use about
2.5 billion gallons of
water from the
Floridan aquifer. It
underlies 250,000
square kilometers
(100,000 square miles)
in southern Alabama,
southeastern Georgia,
southern South
Carolina and all of

Florida. Over most of g

Florida, the Floridan
aquifer is covered by
sand, clay or limestone
that ranges in thickness
from a few feet in parts of
west-central and north-central
Florida to hundreds of feet in
southeastern Georgia, northeastern
Florida, southeastern Florida and the

Aquifers

[J Unnamed surficial aquifers
I Sand and gravel aquifer
[ Biscayne aquifer
[ ] No surficial aquifer

— ,,j‘jﬁ [ 1 Intermediate aquifer
~ - [] Nointermediate aquifer

[ Floridan aquifer
[ ] No Floridan aquifer

Source: Berndt 1998



westernmost Panhandle. Within the
aquifer, water may travel quickly or very
slowly. In parts of the aquifer with caves
and large conduits, water may travel
several miles in only a few hours. Where
water-filled spaces are small and
underground routes convoluted, it may
take days, weeks or even years for water to
travel the same distance.

In the past several decades, increased
pumping of ground water has lowered
water levels in the Floridan aquifer in
several places in Florida and Georgia,
including the Panhandle, northeastern and
southwestern Florida, and southeastern
and coastal Georgia (Berndt et al. 1998).

Recharge in Inches per Year

[ ] o
] 110
- Greater than 10

Discharge in Inches per Year

] o2
“ Greater than 5

Recharge To and Discharge
From the Floridan Aquifer

Water is replaced in the Floridan
aquifer by rainfall that soaks into the
ground. This is referred to as recharge.
Recharge does not occur everywhere. In
some places (mostly along the coasts and
south of Lake Okeechobee) water flows
out of, rather than into, the aquifer. This
is referred to as discharge. In other areas,
thick clay covers the aquifer and slows or
stops the downward flow of water. Areas
of high recharge only occur in about 15
percent of the state and include the well-
drained sand ridges of central and west-
central Florida. Sand is porous, which
means water can easily flow through it.
Limiting intensive development in high
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recharge areas is critical for maintaining
water supplies: water cannot soak through
pavement.

In some parts of Florida, the Floridan
aquifer is not a suitable or drinkable source
of fresh water. In some places, it is too far
below the surface; in other places, the water
is salty. The surficial sand and gravel aquifer
is the major source of fresh water in
Escambia and Okaloosa counties in
northwest Florida, and the surficial
Biscayne aquifer is the major source of fresh
water in Dade and Broward counties in
southeast Florida. Between the surficial
aquifers and the Floridan aquifer in some
parts of the state is the intermediate aquifer.
This aquifer is an important source of fresh
water in Sarasota, Charlotte and Glades
counties. The remainder of the state uses
the Floridan aquifer as its main source of
drinking water.

SINKHOLES

Sinkholes are dramatic testimony to
the fragile nature of the limestone
underlying the state. A sinkhole is a
depression in the land surface caused
when rainwater dissolves limestone near
the ground surface or when the roofs of
underground channels and caverns
collapse. Under natural conditions,
solution sinkholes form slowly and expand
by the gradual erosion of subsurface
limestone caused by rainwater. Dredging,
constructing reservoirs, diverting surface
water and pumping large amounts of
ground water may result in the abrupt
formation of collapse-type sinkholes
(Berndt et al. 1998). Loss of water from
underground cavities, compounded by
drought, may cause the overlying rock and
earth to collapse. Weight on the top of the
caverns caused by heavy rains or
construction may also result in collapse.

SINKHOLE PHENOMENON

In early March 1998, as a drilling
company was drilling an irrigation well
for a future golf course in western Pasco
County, a massive sinkhole opened up
and threatened to swallow the entire
drilling rig. Although the driver got the
rig out in time, a crane had to retrieve a
truck from the 150-foot-wide, 15-foot-
deep sinkhole. Shortly after this event,
nearly 700 sinkholes, most only a few feet
wide, appeared in the surrounding area.

While sinkholes are common in the
area, “this event was unique,” according
to Mark Stewart, chairman of the
Geology Department at the University of
South Florida. “I know of no other recent
event in Florida that opened so many
sinkholes in one small area.”

According to Tony Gilboy;,

hydrogeologist for the Southwest Florida
Water Management District, the
phenomenon began when the
contractor drilled a hole into the
Floridan aquifer for an irrigation well.

As he cleaned out the hole using
compressed air, a common
development practice, a large
underground cavity collapsed, resulting
in the large sinkhole near the drill rig.
The force of several tons of dirt falling
into the cavity caused a massive
pressure wave through the aquifer,
producing the nearly 700 smaller
sinkholes on the surrounding property.
Heavy rains, which the area had been
experiencing, may also have contributed
by putting pressure on the underground
cavities, causing them to collapse.




DISAPPEARING WATERS

The Indians called Lake
Jackson in Leon County
Okeeheepkee, meaning
“disappearing waters.” -
Between September 13 and [
16, 1999, that is precisely
what the lake did as
approximately 30 million
gallons of water drained
out of the southern portion
of the lake through Porter
Hole Sink info the vast
underlying Floridan
aquifer, like bathwater out
of a tub. In a few short
days about half of the popular 4,000-acre
lake had gone dry. Water depth in the lake
had been steadily dropping during the long
dry summer from a norm of 8 feet to only 2-3
feet. Water levels in the aquifer also dropped.
At this point, either a plug blocking the
sinkhole washed out, taking the lake with it, or
once the lake level dropped below a certain
level, the remainder drained into the partially
opened sinkhole. With the water gone, all that
was visible at the land surface was a canyon
cut by the water and a hole 26 feet deep and
8 feet wide in the Torreya Formation
underlying the lake. As the local confining unit
for the Floridan aquifer, the Torreya Formation
is a combination of clays, sands and some
carbonates with relatively low permeability.
Exploring the hole, Florida Geological Survey
geologist Dr. Tom Scoft found a passage to the
northwest about 20 feet info the Floridan
aquifer. Several months later two passages
were visible, the one to the northwest that had
expanded to 30 feet and one to the east
running about 30 feet. In the spring of 2000,
the remainder of the lake, the northern
portion, drained through Lime Sink.

Although some homeowners may not be
happy with the loss of their lakefront property,
and fishermen will have to go elsewhere,
natural drainage can be healthy for a lake.

Lake Jackson

Pollutants and
sediments from runoff
and nutrients from
fertilizer and dead
vegetation build up in
the water and on the
lake bottom. When the
lake is dry, the sediment
is hardened and
compacted by air and
sunlight. Exposure to the
air also oxidizes some of
the nutrients. The
Northwest Florida Water
Management District,
Leon County, the Florida Department of
Environmental Protection and the Florida Fish
and Wildlife Conservation Commission opted
to help nature along by removing some of the
nutrient-rich sediments from the dry lake bed.
When the lake refills, its water quality and its
ecology will be improved.

Lake Jackson is a closed basin — no
water enters or leaves the lake through
streams or rivers. Nor does ground water
enter the lake through major springs. The lake
is totally dependent on rainfall. A return to
normal rainfall amounts should cause the lake
to refill by replenishing the aquifer and
possibly plugging the sinkhole with the
sediments that run off the dry lake bottom.

Lake Jackson has gone dry several other
times during the twentieth century — in 1907,
1909, 1932, 1935, 1936, 1957 and 1982.
According to geologist Scott, when the
Spanish arrived in the 1500s they chronicled a
prairie, not a lake. In 1716, Spaniard Diego de
Pefna also found a vast prairie where he
reported seeing over 300 buffalo and a few
cows. In 1959, another sinkhole in the lake
bottom, Lime Sink, was plugged with cement
and various objects as people tried to help
nature along. After draining, the lake can stay
dry for years, but in 1982 the lake refilled in
only three months.

Photo credit: Tom Scott




SPRINGS

Springs are a “window” into the aquifer
from which they flow. Cool in the summer
and warm in the winter, they are among the
most sought-after of all the state’s natural
and scenic resources. Most of Florida’s
springs are found in the northern half of
the state and flow from the Floridan
aquifer. As rainwater enters and recharges
the aquifer, pressure is exerted on the water
already in the aquifer. This pressure causes
the water to move through cracks and
tunnels in the aquifer. Sometimes this
water flows out naturally to the land
surface at places called springs. When the
openings are large, spring flow may
become the source of rivers. The
Ichetucknee is an example of a river created
by a spring. Springs also make substantial
contributions to the flow of other rivers.
Manatee, Fanning, Troy and Blue springs
contribute nearly 368 million gallons each
day to the Suwannee River.

For thousands of years, Native
Americans settled near springs and fished
in spring-fed streams. Spanish explorer
Ponce de Leon came to Florida seeking a
Fountain of Youth, as well as gold and other
treasures. Travelling in Florida in 1774,
botanist William Bartram described water
issuing from one of the springs along the
St. Johns River as “perfectly diaphanous,”
with fish appearing “as plain as lying on a
table before your eyes, although many feet
deep in water” (Van Doren 1955:135).
Today, springs are popular with both

tourists and residents. Many of Florida’s
largest springs have been incorporated into
state parks, including Manatee, Homosassa,
Silver, Wakulla and Ichetucknee. Wakulla and
Silver springs have been popular locations
for movies. Majorie Kinnan Rawlings’ The
Yearling, as well as more than 100 episodes
of the popular TV series Sea Hunt, were
filmed at Silver Springs. The Creature from
the Black Lagoon and some of the Tarzan
movies were shot at Wakulla Springs.

Rain falling onto nearby recharge areas
and entering the aquifer is the source of
most of Florida’s ground water, including
water that flows from springs. Contrary to
popular belief, underground rivers do not
carry water into Florida from other states
(Spechler and Schiffer 1995). Caverns in the
aquifer are sometimes large and
interconnected and may transmit water
underground for several miles, but there are
no underground rivers. The 320 known
springs in the state discharge nearly
8 billion gallons of water each day, more
than all the fresh water used in the state
each day (Spechler and Schiffer 1995).

Large withdrawals of water from wells
near a spring can cause the flow of the
spring to stop. Silt or sediments building up
in the spring can also cause loss of flow. The
only large spring in Florida known to have
ceased flowing is Kissengen Spring, about
4 miles southeast of Bartow (Berndt et al.
1998). The spring stopped flowing in 1950
(Rosenau et al. 1976).

Surface Water

RIVERS

Florida’s largest rivers are in the
northern part of the state. Portions of the
watersheds of many of these rivers are in
Georgia and Alabama. Even the largest
rivers in Florida — the Apalachicola, the
Suwannee and the St. Johns — have only a
fraction of the flow of the continent’s and
the world’s largest rivers.

In the Panhandle, rivers flow south to
the gulf; along the west coast, rivers flow
west to the gulf. In the central portion of

the peninsula, streamflow is south. In the
lower southeastern portions of the
peninsula, rivers flow east to the Atlantic.
In the northeastern and east-central
portions of the peninsula, the St. Johns
River flows north to the Atlantic and other
rivers flow east to the Atlantic. The only
major river that does not flow to the gulf or
to the Atlantic is the Kissimmee River,
which flows south and discharges to

Lake Okeechobee (Nordlie 1990).



WHAT IS STREAMFLOW?

Streamflow, also known as discharge, is
the volume of water passing a point in a
certain amount of fime. The slope of the
watershed surrounding the stream or river, the
permeability and water storage capacity of the
surrounding soils, and the rainfall pattern all
affect streamflow. Current or velocity measures
the distance traveled by the water during a
certain length of time. Velocity depends on the
depth of the stream or river, the slope and
friction due tfo the texture of the bottom and the
shape of the river or stream channel. Velocity is
highest just under the water’s surface because
the friction between water and air is slight.
Faster currents are found af the outside of a
bend. The stream’s force erodes the outer
edges. Slower water is found on the inside of a
turn and is often where soils will be deposited,
forming sandbars.

Bottom type is closely related to the velocity
of streamflow. Fast water has more energy
and scours or carries away all but the largest
particles of soil, sand or rock. So the bottoms of
fast-flowing rivers and streams are rock,
rubble and gravel. These are generally found
in the upper stretches of a river system. Slower
water allows fine particles (sand, silt and clay)
to be deposited, resulting in sandy or mucky
bottoms.

In the United States, river discharge is most
commonly measured in cubic feet per second.
In her book Fresh Water, British Columbian
naturalist E. C. Pielou outlines a method for
measuring flow in a small stream. (Be sure to
select a stream that is safe to wade.)

Materials: rope marked at equal intervals,
measuring stick, stop watch, oranges

1. Select a straight area in a stream and stretch
a rope across it. The rope should have marks at
equal intervals. Four or five intervals should be
sufficient. Secure the rope across the stream.
One way to do so is o tie it around trees.

2. Wade in and measure the depth of the water
below each of the interval marks. Calculate the
area of the cross section by averaging the
depth and multiplying by the width of the
stream. OR, measure depth in three places
across the stream in a straight line, then divide
the total by four to get the average depth of the
stream. The reason you take three depth
measurements and divide by four is to take info
account the shallow areas of the stream.

3. Select a length of stream to measure the
velocity and mark each end with an object such
as a rock. A distance two or three times the
width of the stream is usually enough.

4. Measure the velocity by putting a float in the
stream and using a stopwatch to measure the
amount of fime it takes for the float to travel from
the upstream marker to the downstream marker.
An orange or an orange peel may be used as a
float. Repeat until you have recorded velocities
below each marked interval on the rope.
Average the velocities and multiply by 0.85 (this
number corrects for the fact that velocity has only
been measured at the surface).

5. Calculate streamflow by multiplying the
corrected average velocity by the area of the
Cross section.

Professional hydrologists use special
instruments called current meters to measure
streamflow.

Florida’s rivers may be classified as
predominantly alluvial, blackwater or
spring-fed. Alluvial rivers, such as the great
Mississippi, have large, well-defined
drainage basins, carry high sediment loads

and have large forested floodplains.

These rivers typically flood each year
(usually in the winter in Florida),

depositing a rich load of sediment. All of
Florida’s alluvial rivers are in the Panhandle.
The Apalachicola, Choctawhatchee,
Escambia and Ochlockonee are examples.
Blackwater rivers have dark, stained
waters from decomposing plant materials.
Typically they drain pine flatwoods and
cypress swamps. Many of Florida’s rivers are




blackwater types, including New River in
northwest Florida, which drains Tates Hell
Swamp, and the Withlacoochee,
Hillsborough and Peace rivers in central
Florida, which begin in the Green Swamp
(Clewell 1991).

Spring-fed rivers are most common in
the karst regions of north-central Florida
where limestone is close to the ground
surface. Spring water is cool year-round,
and clear. The Wakulla, Silver,
Weekiwachee, Rainbow and Crystal rivers
are spring runs issuing from five of
Florida’s 33 first-magnitude springs. The
Chipola, St. Marks, Aucilla, Santa Fe,
Ocklawaha and Homosassa are also
spring-fed rivers (Clewell 1991).

Many Florida rivers are a mixture of
these types. For example, the Suwannee
begins as a blackwater river draining the
Okefenokee Swamp. As it travels south, it
becomes a spring-fed river, as many
springs contribute to its flow. As it
approaches the gulf, it has a low-forested
floodplain characteristic of alluvial rivers
(Kautz et al. 1998).

LAKES

Florida has thousands of lakes, large
and small. By far the largest (1,890 square
kilometers or 730 square miles) is Lake
Okeechobee, which extends into Glades,
Hendry, Martin, Okeechobee and Palm
Beach counties. Lake Okeechobee, the
second largest lake wholly within the
United States, has an average depth of 2.6
meters (8.6 feet) (VanArman et al. 1998).
Most of Florida’s other lakes are also
shallow (between 2 and 9 meters, or 6.5
and 29.5 feet, deep), although a few
sinkhole lakes are hundreds of feet deep
(Heath and Conover 1981). Over one-third
of the lakes in Florida are found in four
central Florida counties (Osceola, Orange,
Lake and Polk).

Most of Florida’s lakes were formed in
the same manner as sinkholes. Ground
water dissolved limestone, forming
underground cavities; the roof of these
cavities collapsed, forming a depression,
which then filled with ground water and
rainwater. Other lakes were once

depressions in the sea bottom, and still
others were carved out by rivers.

According to Thomas Scott, many
theories exist for the origin of Lake
Okeechobee, including meteorite impact,
compaction of underlying rock deposits
and faulting along the northern part of an
ancient lagoon (pers. com). Dr. Scott, a
geologist with the Florida Geological
Survey, thinks the lake developed from a
large lagoon that existed at the northern
end of the Everglades.

In addition to natural lakes, Florida
abounds in constructed lakes and ponds
created by digging into the shallow water
table for fill (sand and rock), for irrigation,
mining or aquaculture (commercially
growing fish or other water species). Lakes
and ponds are also designed and created to
manage stormwater runoff from developed
areas or to serve as reservoirs.

WETLANDS

Wetlands is a general term for portions
of land periodically covered by fresh water
or salt water. Over the past 400 years
numerous words have been used to
describe these areas including swamp,
tidal swamp, coastal swamp, marsh, tidal
marsh, salt marsh, salt meadow, bog, fen,
morass, overflowed land and quagmire
(Moss 1980). Terminology has changed as
people’s perceptions of the value of these
lands have changed. The term wetlands
began to appear in the 1950s, along with a
concern for the preservation of these lands
as wildlife habitat (Moss 1980). In 1953, the
U.S. Fish and Wildlife Service defined
wetlands as “lowlands covered with
shallow and sometimes temporary or
intermittent waters....and holding water
long enough to grow moist-soil plants”
(quoted in Moss 1980:200). The wetlands
definition found in Florida law today
(Chapter 373.019, FS) is based on
vegetation and soil, as well as on the
hydrologic conditions. Topography is no
longer considered part of the definition.
Some wetlands actually have higher
elevation than surrounding land.

Wetlands are often classified as
swamps or marshes, depending on



FLORIDA’S LEGAL DEFINITION OF WETLANDS

Source: Southwest Florida Water

In Florida, when a proposed land use
potentially affects a wetland, a permit is
required. The permitting criteria first attempt
to ensure that the wetland will be preserved.
When some impact to the wetland is
unavoidable, the permit conditions may
require restoration or mitigation at another
site. Wetland mitigation usually means that
more wetlands than those impacted will be
preserved, protected or restored either at the
impacted site or at another site.

In order to protect wetlands and their
valuable functions, it is necessary to
understand exactly what they are. As defined
in subsection 373.019 (22), F.S., wetlands are
those areas

inundated or saturated by surface water or

ground water at a frequency and a duration

sufficient to support, and under normal
circumstances do support, a prevalence of
vegetation typically adapted for life in
saturated soils. Soils present in wetlands
generally are classified as hydric or alluvial,
or possess characteristics that are associated
with reducing soil conditions. The prevalent
vegetation in wetlands generally consists of

facultative or obligate hydrophytic
macrophytes that are typically adapted to

areas having soil conditions described above.

These species, due to morphological,
physiological, or reproductive adaptations,
have the ability to grow, reproduce, or persist
in aquatic environments or anaerobic soil
conditions. Florida wetlands generally include
swamps, marshes, bayheads, bogs, cypress
domes and strands, sloughs, wet prairies,
riverine swamps and marshes, hydric
seepage slopes, tidal marshes, mangrove
swamps and other similar areas. Florida
wetlands generally do not include longleaf or
slash pine flatwoods with an understory
dominated by saw palmetto.

Even with such a long and specific
definition, identifying wetlands and
determining their boundaries is not easy.
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